A field experiments were carried out at Shambat, Sudan (Latitude 15 40´N and Longitude 32 o o 32´E) in three consecutive seasons (2000/03) to investigate the effect of Bradyrhizobium inoculation and chicken manure or sulphur fertilization on minerals composition of soybean (Glycine max L.). The results obtained showed that inoculation, chicken manure, sulphur and their interactions significantly (P = 0.05) improved both major and trace minerals composition of the seeds. The results also indicated that all measured parameters increased with increasing level of chicken manure or sulphur and the highest value of each mineral was observed with either 10 tone/fed chicken manure or 100 kg/fed sulfur with or without Bradyrhizobium inoculation. The study also showed that the residual effect of chicken manure or sulphur significantly (P = 0.05) improved minerals content particularly at 10 tone/fed chicken manure or 100 kg/fed sulfur with or without Bradyrhizobium inoculation.
Introduction
Soybean [Glycine max (L.)] is a legume that grows in tropical, subtropical and temperate climate. Approximately half of the world's soybeans are produced in the developing world and the other half in the developed world (IITA, 2002) . Soybean is an important source of inexpensive and high quality content of protein and oil. With an average protein content of 40% and oil content of 20%, soybean has the highest protein content of all food crops and is second only to groundnut in terms of oil content among food legumes. Compared to other protein-rich foods such as meat, fish and eggs, soybean is by far the cheapest. Hamad (1986) reported that Ca content of soybean ranged from 268.75 to 293.0, Cu from 1.2 to 1.37, Fe from 9.04 to 13.32, Mg from 261.0 to 296.0, Mn from 3.38 to 4.94, K from 1500 to 1935, Na from 11.9 to 15.11 and Zn from 3.75 to 4.02 mg/100 g. Increasing population and the consequent increased demand for food production and food quality in the world, require that proposed agronomic strategies for improvement should, in general, avoid high input costs. Biofertilizers such as rhizobia and mycorrhiza, are steadily receiving increased attention and recognition from scientists. This could be attributed to the fact that they pose no ecological threats, usually have a longerlasting effect and if properly managed can out-yield recommended doses of chemical fertilizers (Mahdi and Atabani, 1992) . The latter effect is of special importance for countries, like Sudan, with predominantly low-input agricultural systems of production. Breeding programmes were started all over the world to improve seed quality of legumes. Fertilizer programmes were also established in the Sudan to serve the same purpose (Babiker et al., 1995; Elsheikh and Alzidany, 1997a) . Inoculation of soybean by Bradyrhizobium japonicum significantly increased nodulation, yield and seed quality (Okereke and Onochie, 1996) . Chicken manure amendments significantly improved the physical properties of the soil, such as water infiltration rate, water holding capacity, texture, reducing bulk density and hence improving the plant growth. Moreover, chicken manure is readily available source of plant nutrients as well as a source of energy for soil biota and thus influences many of biological processes of the soil which was found to affect the seed quality of faba bean (Elsheikh and Alzidany, 1997a, b) . Elemental sulphur has a variety of uses as soil amendment. The oxidation of elemental sulphur to H SO is particularly beneficial in 2 4 alkaline soils to reduce the pH, supply SO to plants, = 4 makes phosphorus and micronutrients more available and reclaim soils (Lindemann et al., 1991) . The effectiveness of elemental sulphur depends upon the soil type, pH, organic matter content, clay minerals, depth of soil profile and drainage status. However, Ghani et al. (1997) reported that microbial population in soil i s not a limiting in elemental sulphur oxidation. Efforts throughout the world are directed towards improving the nutritional quality of crops by decreasing the level of antinutrients and improving the nutritional quality of beans and grains. Breeding, fertilization programmes and genetic engineering are directed towards improving seed quality. Rhizobium inoculation of faba beans was reported to increase yield and protein the first and second seasons were divided into groups content (Babiker et al., 1995; Elsheikh and Osman, 1995) . No trials were conducted to study the effect of chicken manure or elemental sulphur in combination with Bradyrhizobium inoculation on minerals composition of plant seeds. Therefore, the objective of this study was to assess the possibility of increasing minerals content of soybean by Bradyrhizobium inoculation and/or sulphur or chicken manure fertilization Chicken manure and sulphur application: Two separate experiments were conducted, for one experiment chicken manure was applied at different levels (0, 2.5, 5.0, 7.5 and 10.0 t/fed). The fertilizer was distributed along the ridges and mixed with the soil and then the soil divided into plots. Thereafter, the plots were irrigated twice for two weeks before sowing. For the other experiment elemental sulphur was applied at different levels (0, 25, 50, 75 and 100 kg/fed), distributed along the ridges and mixed with the soil. The soil was divided into p lots and the plots were irrigated twice before sowing for two weeks.
Materials and Methods

Materials
Treatments:
The treatments were replicated three times in a split-split plot design. The treatments used during as follows: 1. Uninoculated: Only chicken manure was applied at different levels (0, 2.5, 5.0, 7.5 and 10.0 t/fed). 2. Inoculated: The seeds were inoculated and the soil was amended with chicken manure at different levels (0, 2.5, 5.0, 7.5 and 10.0 t/fed). 3. Uninoculated: Only elemental sulphur was applied at different levels (0, 25, 50, 75 and 100 kg/fed). 4. Inoculated: The seeds were inoculated and the soil was amended with elemental sulphur at different levels (0, 25, 50, 75 and 100 kg/fed). In the third season the residual effect of either chicken manure or sulphur in the presence or absence o f Bradyrhizobium inoculation was investigated.
Sample preparation: Three samples from each plot were taken randomly after seeds matured. The seeds were dried by direct sun drying. The seeds were cleaned manually to remove husks, damage seeds and other extraneous materials. To determine the chemical composition, tannin and in vitro protein digestibility the cleaned seeds were ground to pass a 0.4 mm screen.
Total mineral determination: Minerals were extracted from the samples by the dry ashing method described by Walsh (1980) . About 1.0g sample was acid-digested with diacid mixture (HNO : HClO , 5: 1, v/v) in a digestion 3 4 chamber. The digested samples were dissolved i n double-distilled water and filtered (Whatman No. 42).
The filtrate was made to 50 ml with double-distilled water and was used for the determination of total minerals. The amount of iron, zinc, manganese and copper were determined using atomic absorption spectroscopy (Perkin-Elmer 2380, USA). Calcium and magnesium were determined by the titration method described by Chapman and Pratt (1961) . Sodium and potassium were determined using a flame photometer (CORNIG EEL, London, UK) according to the AOAC (1995) method.
Statistical analysis: Experimental data were analyzed by using the general linear models procedure, the ANOVA procedure and Duncan's multiple range test (Duncan, 1955) . Least significant differences were computed at P = 0.05. Data were also analyzed using the correlation procedure (Pearson's correlation coefficients) in SAS (1995).
Results and Discussion
Effect of treatments on major minerals content: As shown in Table 1 , Bradyrhizobium inoculation showed a significant (P = 0.05) effect on calcium (Ca) content of soybean seeds in all seasons. Chicken manure and sulphur fertilization were significantly (P = 0.05) increased Ca content of uninoculated seeds with increasing level of each. However, after inoculation it Table 4 : Effect of Bradyrhizobium inoculation and chicken manure or sulphur fertilization on sodium (Na) content of soybean grown for three consecutive seasons Na content (mg/100g) response to Bradyrhizobium and/or VA mycorrhiza. through supply of some elements such as Ca. Moreover, However, Kawai and Yamamoto (1986) reported that Giri (1993) reported that application of 25 kg N/ha to inoculation with VAM increased plant development groundnut increased crop uptake of Ca. The difference in response to such treatments could be attributed to the significantly (P = 0.05) increased Magnesium (Mg) difference in cultivars as well as the growing content of uninoculated seeds with increasing level of environment. Chicken manure and sulphur application each (Table 2) . However, after inoculation of the seeds the rate of improvement greatly increased in all seasons Effect of treatments on trace minerals content: As with maximum values obtained when 10t/fed of chicken shown in Table 5 , Bradyrhizobium inoculation showed manure was applied (284.0, 278.0 and 290.0 mg/100g a significant (P = 0.05) increase in iron (Fe) content of for the first, second and residual season, respectively) or soybean seeds in all seasons. Chicken manure and 100kg/fed of sulphur (296.0, 264.0 and 282.0 mg/100g sulphur fertilization were significantly (P = 0.05) for the first, second and residual season, respectively).
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increased The results obtained (rate of change) for Cu (Table 6 ), increased plant development through supply of some Zn (Table 7) and Mn (Table 8) were similar to that elements such as Mg. Giri (1993) reported that obtained for Fe. In general proper fertilization and application of 25 kg N ha to groundnut increased crop inoculation provides the plant with both major and trace -1 uptake of Mg. Chicken manure and sulphur application elements which reflects the nutritional status of the significantly (P = 0.05) increased Potassium (K) content plant. Several minerals such as Ca, Fe, K, Na and Mg of uninoculated seeds with increasing level of each are essential for human and animal health. Knowledge (Table 3) . However, after inoculation of the seeds it was about their level in different raw foods will provide greatly increased in all seasons with maximum values information on the nutritional adequacy of diets. Other obtained when 10t/fed of chicken manure was applied minerals, such as Cu, Mnand Zn though essential, have (1316.0, 1356.0 and 1374.0 mg/100g for the first, a limited range between required and toxic levels. second and residual season, respectively) or 100kg/fed of sulphur (1328.0, 1336.0 and 1345.0 mg/100g for the Conclusion: Chicken manure or sulfur fertilization in the first, second and residual season, respectively). The presence or absence Bradyrhizobium inoculation results obtained for both fertilizers indicated that significantly increased mineral composition of soybean fertilization of soybean by chicken manure or sulphur especially at a level of 10t/fed of chicken manure or greatly increased K content of the crop seeds. Moreover, 100kg/fed of sulphur. Proper fertilization programmes, fertilization of inoculated seeds caused further increase focusing on biofertilization should be implemented to in K content. Elsheikh and Mohamedzein (1998) improve the productivity of food legumes and thereby reported that inoculation with Bradyrhizobium and/or VA increase total food production, improve the supply of mycorrhiza significantly (~50.05) increased the seed good quality proteins as well as minerals in the diet of content of K. The seed content of K was increased by people who largely depend on food legume crops and inoculation and fertilization of the plant seeds. Chicken improve seed quality. The latter implies processing, manure and sulphur application significantly (P = 0.05) consumer, nutritional value and export quality. This increased Sodium (Na) content of uninoculated seeds investigation also calls food scientists to allow for the with increasing level of each (Table 4) . Inoculation of the previous agronomic treatments, the history of the seeds, seeds significantly (P = 0.05) increased Na content in all their origin and certification, before starting their seasons with maximum values obtained when 10t/fed of experiments, analysis or interpreting their data. chicken manure was applied (12.16, 11.20 and 11.31 mg/100g for the first, second and residual season, respectively) or 100kg/fed of sulphur (11.04, 10.35 and 10.38 mg/100g for the first, second and residual season, respectively). The results obtained for both fertilizers indicated that fertilization of soybean by chicken manure or sulphur greatly increased Na content of the seeds. Fertilization of inoculated seeds caused further increase in Na content. Elsheikh and Mohamedzein (1998) reported that inoculation with Bradyrhizobium and/or VA mycorrhiza significantly (~50.05) increased the seed content of Na.
